Abstract: Nitrogen (N) deposition and precipitation changes can strongly influence soil microbial properties in arid and semiarid regions. Here, we examined these effects on soil samples from the Inner Mongolia desert steppe of northern China after 7 yr of consecutive simulated N deposition by adding NH 4 NO 3 and manipulation of precipitation, using a dilution plate method, PCR analysis, and 18S rRNA sequencing. The experimental treatments were as follows: control (CK), N addition (+N), N and water addition (+N+W), and N addition plus water reduction (+N−W). In this study, 14 genera and 32 fungal species were isolated, and Penicillium was determined to be the dominant fungal group. Treatment +N−W significantly increased (by 94.8%) the number of cultivable fungi as compared with CK. Compared with the CK community, fungal communities exposed to the three treatments, especially +N+W and +N−W, showed shifts in the relative abundances of cultivable fungi. Treatment +N−W significantly enhanced species richness compared with +N at the 0-2 cm soil depth. However, N addition and manipulation of precipitation did not influence species richness, the Shannon-Weiner index, or evenness at the 0-30 cm soil depth. This study can provide insight into how fungal composition and diversity respond to climate change scenarios.
Introduction
Industrial and agricultural processes have increased the rate of nitrogen (N) deposition. After North America and Europe, China is the region most affected by N deposition (Dentener et al. 2006) . High amounts of N deposits are present from the southeast to northwest of China (Shi et al. 2014) .
Concurrent with N deposition, alterations in precipitation are common in mid-latitude regions because of frequent and extreme rainfall events (Solomon et al. 2007 ). Precipitation has been predicted to increase in the Inner Mongolia desert steppes in the future (Sun and Ding 2010) . Increasing N deposition, precipitation changes, and associated ecological alterations influence the soil microbial communities in various ecosystems; hence, these phenomena will become important topics for future research (Zhang et al. 2008; Zak et al. 2011) .
As key ecological factors, N and water largely determine the net primary productivity in arid and semiarid grassland ecosystems (Christensen et al. 2004; Chen et al. 2011; Zhang et al. 2014) . Reducing the N and water limitations on an ecosystem may considerably affect ecosystem functioning and biodiversity (Galloway et al. 1995; Jordan and Weller 1996; Vitousek et al. 1997; Phoenix et al. 2003; Yang et al. 2011; Xu et al. 2012) . Many researchers have focused on the effects of N deposition and precipitation changes on soil microbial communities in a natural ecosystem. Changes in precipitation can alter soil microbial communities by causing local extinctions of certain operational taxonomic units (Fierer et al. 2003; Clark et al. 2009) or by shifting the abundance of bacteria and fungi to favor certain groups (Nazih et al. 2001; Uhlirová et al. 2005; Clark et al. 2009; Gray et al. 2011 ). In addition, fungi are more drought-tolerant than bacteria in semiarid steppes . The responses of microbial communities to climate change are highly dependent on seasonal dynamics, background climatic variability, and composition of the associated aboveground communities (Cregger et al. 2012) .
The influence of N input on net N mineralization and N bioavailability in soils (Aerts et al. 2006; Vourlitis and Zorba 2007; Sirulnik et al. 2007 ), microbial biomass (Allen and Schlesinger 2004; John and Alison 2004; Compton et al. 2004) , soil enzyme activities (Frey et al. 2004; Hu et al. 2013) , aboveground primary productivity, and plant community composition (Nkana et al. 1999; Prieto et al. 2009 ) have been investigated. N addition can alter the diversity and composition of soil microbial communities (Balser 2001; Allison et al. 2008; Campbell et al. 2010; Ramirez et al. 2010; Bates et al. 2010) , decrease the bacterial/fungal biomass ratio and fungal-lignin degrading enzyme activity (Frey et al. 2004) , and suppress soil microbial activity by altering the metabolic capabilities of soil bacterial communities (Ramirez et al. 2012 ).
Water addition and N addition elicit contradicting effects on bacterial communities in a steppe ecosystem . Water addition was shown to greatly increase soil fungi and decrease bacteria, whereas the addition of N had opposite effects in a typical Inner Mongolia steppe (Ma et al. 2016) . N addition positively affects soil microorganisms when water is sufficient . The Arbuscular mycorrhizal fungal community was found to exhibit a stronger response to water availability than to N fertilization in an Inner Mongolian steppe (Li et al. 2015) . Even though the interactive effects of N addition and precipitation changes on soil microbes have been reported in natural ecosystems (Chen 2013; Li et al. 2015; Zhang et al. 2015; Ma et al. 2016) , the related mechanisms are poorly understood. In grassland ecosystems, fungi account for 78%-90% of the total biomass in decomposers (Kjoller and Struwe 1992) . Hence, the mechanism by which N addition and precipitation changes influences soil fungal communities, especially cultivable fungi communities, must be elucidated.
Desert steppe makes up 10.7% of the Inner Mongolian grassland area and is an important ecosystem. Compared with other grassland types, desert steppe is less stable and more sensitive to disturbances from climatic changes. However, it is still unclear how composition and diversity of cultivable fungi respond to N deposition and precipitation changes in this zone, as well as which species of cultivable fungi are impacted by N deposition and precipitation changes. In this study, we used the dilution plate method, PCR analysis, and 18S rRNA sequencing to examine these changes in a long-term field experiment with repeated N fertilization and manipulation of precipitation.
The objective of this study was to determine how soil fungal composition and diversity, as well as abundance of taxa, are altered in response to simulated N deposition and manipulation of precipitation in a natural ecosystem of desert steppe.
Materials and Methods

Study site
The experiment was conducted in a natural ecosystem of desert steppe in Siziwang Banner (41°46′43.6″N, 111°53′41.7″E; 1456 m elevation), Inner Mongolia, in northern China (Fig. 1) . The steppe is characterized by a semiarid continental monsoon climate with a short plant-growing period from May to September. The 50 yr mean annual precipitation is approximately 280 mm, with approximately 70% of the total precipitation occurring from June to September (Lin et al. 2010; Fig. 2) . The mean annual evaporation is 2947 mm. Soil in this area is classified as brown chestnut soil (Haplic Calcisols, according to the FAO classification). Desert steppe vegetation is dominated by Stipa breviflora Griseb., Cleistogenes songorica Roshev., and Artemisia frigida Willd. The mean vegetation canopy cover ranges from 17% to Months 20%. The grassland had not been subjected to prior applications of fertilizer or hydrological manipulation.
Experimental design
During N deposition, a part of N was settled into ecosystems in dissolved NH 4 + and NO 3 − forms (Zhu and Chen 2002; Ju et al. 2009 (Fig. 1 ). Six 12 m × 4 m artificial drought sheds were randomly placed in the 12 main plots, with the top of the shed having a rain shelter with 100% transmittance. The bilateral heights of the drought shed tops were unequal (1 and 1.2 m) to ensure rainwater outflow along the rain shelters, and rain was collected after efflux along water guide grooves. Moreover, the rain shelters covered half of the drought shed top, which reduced the natural rainfall by 30%. Subplots with water added were irrigated by water collected from the reduced water subplots. Therefore, water increased by 30% with natural rainfall in some subplots, and water from natural rainfall was decreased by 30% in others. The experimental treatments were as follows: control (CK), N addition (+N), N and water addition (+N+W), and N addition plus water reduction (+N−W), water addition (+W) and water reduction (−W), and each treatment had six replications. Here, CK, +N, +N+W, and +N−W treatments were studied; results of the other two treatments (+W and -W) have been published previously ).
Sampling and measurement of soil physicochemical indices
Soil samples were collected on 12 Aug. 2012, after 76 mo of treatments. Four soil cores (30 cm depth, 5 cm diameter) were obtained from random locations in each plot to reduce the influence of within-plot spatial heterogeneity on the measurements. Every soil core was divided into five layers according to the preexperiment results, namely, 0-2, 2-5, 5-10, 10-20, and 20-30 cm soil depths, and part of each sample was thoroughly mixed into one composite sample. After removing roots, gravel, and coarse fragments, soil samples were homogenized and divided into three portions. One portion was air-dried and filtered through a 2 mm sieve to determine physicochemical indices. The other two portions were immediately cooled with ice blocks and transported to the laboratory. One portion of fresh soil was stored at −20°C for further microbial analysis and another of fresh soil was stored at 4°C for available N (NH 4 + -N and NO 3 − -N) and moisture content analysis. Analysis and measurement of soil physicochemical properties were conducted using routine methods. Soil was dried at 105°C for 48 h to measure the moisture content. Soil pH was determined using a glass electrode (1:2.5, soil-to-water ratio, Thermo Orion T20, USA). NH 4 + -N and NO 3 − -N in fresh soil samples extracted with 2 mol L −1 KCl and then filtered were measured using a continuous flow analyzer (AA3, German). Soil organic matter content was measured by the dilution heat method. Available phosphorus (P) (from a NaHCO 3 extract of each dry soil sample) was determined by molybdenum blue colorimetry. Available potassium (K) in soil samples extracted by NH 4 OAc was measured by atomic absorption spectrometry (ICE 3500, Thermo Electron Corporation, USA).
Isolation and culture of fungi from soil
Soil cultivable fungi were cultured with Rose Bengal medium (Qian and Huang 1999) and isolated using the dilution plate method. DNA was extracted using a soil DNA kit (Sangon Biotech Co. Ltd., China) following the manufacturer's instructions. The PCR reaction was performed on a Blue Marlin TC-960F PCR instrument (Switzerland). The PCR reaction mixtures (50 μL) contained 5 μL of Ex Buffer (10×, including Mg ), and 26.4 μL of sterile and DNA-free water.
The PCR protocol was as follows: 94°C for 4 min (initial denaturation); 30 cycles of 94°C, 94°C for 1 min (denaturation), 54°C for 1 min (annealing), and 72°C for 2 min (elongation); and 72°C for 7 min (elongation). Amplified PCR products were detected by 1.5% agarose gel electrophoresis and sent for Sanger sequencing (Sangon Bioengineering Technology Service Co. Ltd., Shanghai, China). After sequence alignments with reference sequences in GenBank (http://www.ncbi.nlm.nih. gov), we downloaded high-quality sequences for phylogenetic analysis.
Nucleotide sequence accession numbers
Sequences were deposited in the GenBank database under accession Nos. KT582235-KT582268 (fungal 18S rRNA genes).
Calculations of cultivable fungi
1.
Relative abundance = (number of fungi in a genus/ total number of fungi in a sample) × 100%; 2.
Species richness (S) was assessed as follows:
Species diversity was assessed by the ShannonWeiner index (H′), calculated as follows:
Species evenness (E) was assessed by Pielou's index as follows:
where N i is the number of fungal taxa identified in 1 g of air-dried soil, pi = n i /N, n i is the number of individuals in fungal species i, and N is the total number of fungal species.
Statistical analysis
Data were expressed as the means ± standard deviations from six replicates. Multiple comparisons among different treatments were analyzed using one-way analysis of variance (ANOVA) with a least significant difference test in SPSS. All tests were considered to be significant at P < 0.05 level. Linear relationships were quantified using Pearson's correlation coefficient. Statistical analyses were conducted in SPSS (SPSS 13.0 for Windows, USA), and the results were displayed using Sigmaplot 12.5 (Systat Software, Inc., San Jose, CA, USA) and Origin 8.0 software (OriginLab Corporation, Northampton, MA, USA). A diversity analysis was performed using BIO-DAP software.
Results
Quantitative characteristics of cultivable fungi
The number of cultivable fungi at 0-30 cm depth was (35.28-114.75) × 10 4 CFU g −1 . Cultivable fungi were found mainly at 0-20 cm soil depth, and relatively few were found at 20-30 cm soil depth (Fig. 3) . The number of cultivable fungi in the four treated soils showed similar patterns at the 0-2, 2-5, 10-20, and 0-30 cm soil depths. In the +N−W treatment group, the number of cultivable fungi increased significantly in comparison with that of the +N and +N+W treatment groups (P < 0.05) at 0-2, 5-10, 10-20, and 0-30 cm depths. In contrast, the number of fungi was not significantly different among any of the four treatments at 2-5 cm depth. In addition, N and water did not influence the number of fungi at 20-30 cm depth (Fig. 3) .
Soil indices
Soil indices in plots exposed to the four treatments are shown in Table 1 . Compared with the CK plot Fig. 3 . The number of cultivable fungi in plots with each treatment at different depths (left Y-axis refers to the number of cultivable fungi at 0-2, 2-5, 5-10, 10-20 cm depth, and 20-30 cm; right Y-axis refers to the number of fungi at 0-30 cm). Each value refers to the average of six replicates, and error bar represents the standard deviation (SD). Different lowercase letters at the same depth indicate significant differences at P < 0.05 level, based on protected LSD test.
0-2cm
2-5cm 10-20cm 5-10cm 20-30cm 0-30cm Note: For each parameter, data in a row at the same depth followed by a different lowercase letter indicate a significant difference at the 0.05 probability level, based on the protected least significant difference test, and the same is true in the following chart.
(pH = 7.85), the +N and +N−W treatments decreased the soil pH to 6.92 and 7.16, respectively, at 0-2 cm depth. The +N+W treatment slightly decreased the soil pH to 7.60. In addition, +N treatment decreased the soil pH, relative to that of the CK plot, to 7.77 at 2-5 cm depth. However, the addition of N and water did not affect soil pH at other soil depths (Table 1 ). The +N+W treatment increased the content of NH 4 + at 0-2 and 2-5 cm depths.
Treatment +N−W significantly increased the content of NO 3 -at 2-5, 5-10, 10-20, and 20-30 cm depths (P < 0.05).
Compared with other treatments, the +N−W treatment decreased soil water content. The soil moisture content significantly decreased relative to that of the CK treatment plot at all depths (P < 0.05). Soil moisture content, soil organic matter, available P, and available K decreased as soil depth increased. Moreover, +N−W treatment increased the levels of available K at all soil depths (Table 1) .
Cultivable fungi community structure and diversity
An analysis of the morphological characteristics of cultivable fungi and 18S rRNA gene sequences showed that 14 genera and 32 species of fungi, namely Penicillium, Fusarium, Aspergillus, Paraconiothyrium, Gibberella, Paraphaeosphaeria, Hypocrea, Absidia, Curvularia, Eladia, Cladosporium, Eupenicillium, Pseudogymnoascus, and Phaeosphaeria, were isolated from the desert steppe soils of Inner Mongolia.
The majority of isolated fungal strains belonged to the genus Penicillium, including isolates ZJ2, ZJ3, ZJ12, ZJ15, ZJ22, ZJ23, ZJ25, ZJ26, ZJ30, ZJ31, ZJ34, ZJ45, and ZJ50. Fungal strains ZJ4, ZJ11, ZJ18, and ZJ21 belonged to the genus Fusarium, whereas strains ZJ7, ZJ16, ZJ20, and ZJ41 belonged to Aspergillus. One fungal isolate, namely ZJ44, remained unidentified because of a sequencing failure (Table 2 ). The similarities of all isolated strains with the most similar strain in GenBank (Table 2) ; hence, no new fungal species were found. At a depth of 0-2 cm, +N and +N+W treatments decreased species richness (S) and the Shannon-Weiner index (H′); in contrast, +N−W treatment increased S and H′. H′ and E were lower at 5-10 cm depth in +N-Wtreated plot than in plots exposed to other treatments. Moreover, S, H′, and E were not significantly different among treatments in other soil depths (P > 0.05) ( Table 3) .
Correlations between the size of fungal groups and soil characteristics
Pearson's correlation was used to reveal the influence of soil physicochemical factors on fungal groups. According to Pearson's correlation analysis, Penicillium sp. was positively correlated with available P, K, and NO 3 --N, but negatively correlated with water content.
Hypocrea was positively correlated with soil organic matter (P < 0.05). Aspergillus sp. and Paraphaeosphaeria sp. showed significantly negative correlations with water content (P < 0.05). Eupenicillium sp. and Paraphaeosphaeria sp. were positively correlated with available soil P (P < 0.01). No significant positive correlation was found between Eupenicillium sp. and soil NO 3 -N content. Paraphaeosphaeria sp. was positively correlated with soil NO 3 − -N content, Cladosporium sp. showed positive correlation with soil organic matter (P < 0.05). However, the remaining 10 groups, namely Alternaria, Paraconiothyrium, Gibberella, Fusarium, Absidia repens, Curvularia, Eladia, Pseudogymnoascus, Phaeosphaeria, and the unknown fungus, did not show significant correlations with soil physicochemical factors (P > 0.05, Table 4 ).
N addition and combined N and water treatment altered the fungal community structure
Penicillium was the dominant fungal group at 0-30 cm depth, with relative abundances of 35.04%, 42.16%, 72.32%, and 68.22%, in the CK, +N, +N+W, and +N−W treatment groups, respectively. Compared with the control (35.04%), both +N and +N+W increased the relative abundance of Penicillium. Compared with the interactive effects of water and N treatments, Fusarium was greatly affected only by N addition (20%). N addition and manipulation of precipitation decreased the relative abundances of Alternaria sp., Hypocrea sp., Gibberella sp., Curvularia sp., Eladia sp., Phaeosphaeria sp., Aspergillus sp., Cladosporium sp., and Paraphaeosphaeria sp. (Fig. 4) .
Both +N and +N−W treatments decreased the relative abundances of Aspergillus, Paraconiothyrium, and Cladosporium as compared with CK. Treatments +N and +N+W increased the relative abundance of Absidia. The relative abundance of Eupenicillium increased in the +N−W treatment plots. Treatment +N−W decreased the relative abundance of Pseudogymnoascus, and treatments +N and +N+W increased its relative abundance (Fig. 4) .
Unknown fungus ZJ44 appeared in all treatment groups, except for the control. Treatment +N considerably increased the relative abundance of ZJ44 (7.57%), and in the +N−W and +N+W treatment groups, its relative abundance was 2.67% and 1.10%, respectively (Fig. 4) .
Discussion
Characteristics of cultivable fungi and their relationships with soil physicochemical factors Soil fungi are major components in desert steppe ecosystems because they are crucial to the decomposition of cellulose, semi-cellulose, lignin, and pectin, the deoxidation of N, and the dissolution of P; therefore, soil fungi directly affect the quantity and composition of soil organic matter (Hawksworth 2001; Wei et al. 2009 ). The number of cultivable fungi detected in this study was (35.28-114.75) × 10 4 CFU g −1 at 0-30 cm depth. First, cultivable fungi were found mainly at 0-20 cm soil depth, and relatively few were found at 20-30 cm soil depth. This is consistent with the results of a study by Liu et al. (2014) . This can be attributed soil physicochemical factors. Soil moisture content, organic matter, and available K were greater at 0-20 cm depth than those at 20-30 cm depth. Second, the root system is the main region of nutrient absorption and microbial activity. In the study region, the root system of plants was shallow and dense. Root exudates were concentrated mainly at 0-20 cm depth. Third, litter caused rhizosphere microbes to 1.68a ± 0.35
1.31a ± 0.27
1.30a ± 0.33 Note: For each parameter, data in a row at the same depth followed by a different lowercase letter indicates a significant aggregate around the roots, leading to decomposing and transporting shedding material and exudates of root. Research has shown that there are no consistent responses in the quantity of fungi or bacteria to N addition or precipitation changes. Robinson et al. (1998) suggested that the effect of N addition on microbial communities to a decrease in fungi in grasslands. Nemergut and Townsend (2008) showed that the relative abundance of basidiomycetes in response in fungal communities decreased in response to N addition in alpine tundra soil. Chen (2013) showed that N amendments increased the ratio of fungi to bacteria in meadow steppe soil in eastern Inner Mongolia, China. Shen et al. (2014) found that N addition decreased the relative abundance of arbuscular mycorrhizal fungi in temperate steppes soil of northern China. Clark et al. (2009) found that fungal fatty acid methyl ester amounts significantly responded to water changes in Chihuahuan Desert soil in North America. The interactive effect of N addition and precipitation changes on the abundance of soil fungi is unclear. Our result showed that +N−W treatment increased fungal quantity, except at 2-5 and 20-30 cm soil depths. Therefore, N addition plus water reduction affected the number of cultivable soil fungi relative to that in soils exposed to other treatments. N addition plus water reduction also significantly increased the number of fungi compared with that in the CK treatment plot at 0-30 cm soil depth. However, N addition and N addition plus water addition did not significantly influence the number of fungi at 0-30 cm soil depth. First, the study region is naturally subjected to fierce wind erosion and desertification in the northern piedmont of Yinshan Mountain; the organic matter content was low, and the soil fertility was poor. Moreover, N and P contents were low, with values of 1.27 and 0.31 g kg −1 , respectively, whereas K content was high (34.45 g kg −1 ). In addition, the average rainfall was 248 mm, and the average amount water lost through evaporation was 2947 mm because of mountain effects; therefore, evaporation was approximately 10 times greater than rainfall. Note: *, correlation is significant at the 0.05 level (2-tailed); **, correlation is significant at the 0.01 level (2-tailed).
steppe ecosystem had limited water and N (Wang 2014) , and the amount of natural N addition in the study area was low (10 g N m −2 yr −1 ). Therefore, we hypothesized that there is a competition between plants and microbes for water and N in water-and N-restricted environments. Small amounts of added N and water promoted the growth of plants, leading to a reduction in N and water for fungal growth and reproduction. Second, regarding fungal characteristics, fungi can enter dormancy (i.e., become spores) in poor nutrient environments. Moreover, N could not dissolve because of the lack of water; therefore, N addition aggravated the poor nutrient environment. Therefore, fungi might have sporulated in response to poor environmental conditions. However, this hypothesis needs to be examined in future studies. According to the study results of Zhang et al. (2012) and Lu (2008) , the number of fungi was significantly negative correlated with soil pH value, nevertheless, the relationship between each fungal group and soil physicochemical factors was not clear. In our study, the size of fungal groups was influenced by various physicochemical factors. The size of the dominant fungal group, Penicillium, was significantly correlated with most of the measured soil physicochemical factors, including water content, available P, available K, and NO 3 -N content. However, most of the isolated fungi were not significantly associated with soil physicochemical factors.
Changes in cultivable fungal community composition and diversity in response to N deposition and manipulation of precipitation Cultivable fungi responded to N addition and manipulation of precipitation in various ways. N addition and manipulation of precipitation showed interactive effects on the relative abundances of cultivable fungi. Penicillium was the dominant fungal group at 0-30 cm depth in all treatment groups. All treatments increased the relative abundances of Penicillium and the unknown fungus, ZJ44. The relative abundances of Penicillium with N addition plus water manipulation were 68.22% and 72.3 2%, which were higher than those with N addition alone (35.06%). These results may be explained by the effects of N addition and water changes on soil cultivable fungi through different mechanisms. In contrast, the relative abundances of Hypocrea, Alternaria, Gibberella, Curvularia, Eladia, and Phaeosphaeria decreased with the three other treatments compared with the control, suggesting that N addition and manipulation of precipitation were harmful to those fungal groups. N addition plus water changes decreased the relative abundance of Fusarium, whereas N addition alone increased the relative abundance of Fusarium, indicating that manipulation of precipitation was disadvantageous for Fusarium growth and reproduction. Robinson et al. (1998) found that N addition for 5 yr decreased the abundance of decomposer fungal species in a polar semi-desert site of Svalbard. Lilleskov et al. (2002) indicated that long-term N deposition changed the ectomycorrhizal fungal community structure in Alaska, USA. In our study, fungal groups showed various responses to N addition and manipulation of precipitation.
Treatments +N and +N−W decreased the relative abundances of Aspergillus, Paraconiothyrium, and Cladosporium, whereas treatments +N and +N+W increased the relative abundance of Absidia. In the +N-W treatment groups, the relative abundance of Eupenicillium increased, and the relative abundance of Pseudogymnoascus decreased. N addition and N plus water addition increased the relative abundance of Pseudogymnoascus. Many scholars have suggested that N addition has a direct inhibitory effect on the soil microbial community, and especially on decomposers (Arnebrant et al. 1990) , by repressing certain enzyme activities or forming recalcitrant and toxic compounds (Fog 1988) . However, others have indicated that the effects of N addition on the soil microbial community are indirect and dependent on changes in plant species composition (Bardgett and McAlister 1999; Bardgett and Shine 1999) . suggested that the abundance of soil microbes was regulated more by plant species than by direct effects of N addition to grasslands. Our data suggest that both direct and indirect effects of N addition and manipulation of precipitation may modify the relative abundance of cultivable fungi groups (genus level).
At a depth of 0-2 cm, N addition significantly decreased species richness compared with N addition plus water reduction. However, compared with the CK, no treatments significantly modified species richness. N at the level added in this study did not change fungal species richness, evenness, or the Shannon-Weiner index, which was inconsistent with what was observed in high arctic, polar semi-desert soil in Svalbard (Robinson et al. 1998) . Lilleskov et al. (2002) suggested that N deposition could decrease belowground species richness of ectomycorrhizal fungi. These different findings maybe depend on the amount of N added and the duration of N treatment, changes in species composition, and dominant plants in the ecosystem, as well as other environmental factors.
According to Zhang et al. (2014) , water alters soil bacterial groups by affecting the soil water content or pH. Watering could partly buffer the acidification caused by N deposition. Our results indicated that N addition and precipitation changes significantly altered fungal abundance in this ecosystem. However, the specific mechanisms underlying these effects should be examined in future studies.
Seven years of +N−W treatment significantly decreased the number of cultivable soil fungi. N addition and manipulation of precipitation modified the fungal communities by shifting the relative abundances of fungi, although the present levels of N addition and water manipulation in our study could not significantly alter fungal species diversity at 0-30 cm depth in an Inner Mongolia desert steppe of northern China. Therefore, future research should examine fungal diversity responses to increased level of N addition and manipulation of precipitation and the duration of treatments in other grassland ecosystems.
